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α : D → [D → D]
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 Iv(x) = v(x)
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x ∈ V
 Iv(t(u)) = α(Iv(t))(Iv(u))
 Iv(λx.t) = λ(d 7→ Iv[x:=d](t))
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Iv(λx.t(u)) = (αoλ(d 7→ Iv[x:=d](t)))(Iv(u))
= Iv[x:=Iv(u)](t)
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Ax (i ∈ {1; . . . ;n})
x1 : A1, . . . , xn : An ` xi : Ai
x1 : A1, . . . , xn : An ` t : F
→I
x1 : A1, . . . , xn−1 : An−1 ` λxn.t : An → F
x1 : A1, . . . , xn : An ` t : F → G x1 : A1, . . . , xn : An ` u : F
→E
x1 : A1, . . . , xn : An ` (t u) : G
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u[x := t] ∈ A
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Ke = {k; k
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k ≤ e}
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A = {e1; . . . ; en}
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∀x : a.P (x)
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∀x :k a.P (x)
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∀x ∈ Ka.P (x)
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∀x : a.(x ≤ b)
ReN%>@/%-0D
{x; x ∈ Pa ∧ x ≤ b} = Pa
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SC(Φ) = ∨{x ∈ PE; Φ(x)}
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P (x) = 1
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e ≤ ∨{φ(f); f ∈ Fi},
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e ≤ φ(.i(φ, e))
w')(/&WX')"0M+*C+4Eﬁ;i"1ﬁ3fTﬁ;i4! E dﬁPk<]')?ﬁc+*')?A5M%




























































}   $&'ﬁ&ﬂ   C;{|ﬀﬃﬂ 2#%ﬃ&'ﬂW*E
w')4! 
E























































->@<?D"F9-0/ $;<6+.<-$+./73a+.<D  D
 

















       O&   
	   	     
{ﬀﬂ 2#%ﬃ&'ﬂ"Pe$Ł~'a +$ﬀﬃﬂ "!$& ﬃ
H/%34DG5/7:d:=<?);/%)4DJFeN%-J8N   -0<i34)s-.NQF   14<L-0N%F4F<> D;34-G34)    D;/7:=/%-0F4I   D0:d< ct   <)s5/7)9)23  

e&  -
_')(*" ^')(Y ^6Woﬁ34!P!PK ﬀ&?:4b+-, 0?R;0ﬂ.TPK
(Ai)1≤i≤n




. . . × An) → B
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Curry((Ai)1≤i≤n, B)(f) = a1 7→ . . . 7→ an 7→ f(a1, . . . , an)
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Uncurry((Ai)1≤i≤n, B)(g) = a 7→ g(a1)(a2) . . . (an)
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1≤i≤n → E)× PE)→ Ai
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1 ≤ i ≤ n
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F = A1 × . . .× A1︸ ︷︷ ︸
m
× . . . × An × . . . An︸ ︷︷ ︸
m
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φ = Uncurry(ψ) : F → E
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.(i,j)(ψ, e) = (.(φ, e))m×(i−1)+j
hi) N
.(φ, e) =
(.(1,1)(ψ, e), . . . , .(n,m)(ψ, e))
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µF = ∧{x; ∀a ∈ E(a ≤ x⇒ F (a) ≤ x)}
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∀x(x ≤ µF ⇒ F (x) ≤ µF )
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K ∀x(νF ≤ x⇐⇒ ∀y(∀a(y ≤ a⇒ y ≤ F (a))⇒ y ≤ x))

K ∀x(νF ≤ x⇒ νF ≤ F (x))





















































∀a(y ≤ a ⇒ y ≤ F (a)) x
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P ∈ PR(X) ⇐⇒ ∀x ∈ P, ∀y ∈ X : x R y ⇒ y ∈ P
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} A0 = A
} An+1 = {e; ∃a ∈ An : a R e}
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i = 1, . . . , n 7 ai R bi 7
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} x = x0 8
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∀y(∃n ∈ N : y Rn x =⇒ ∃p ∈ N : x Rp y)
















































A ⊂ PR(X) x
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α ∈ p x
α ∈ a
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{x}R ⊂ {y}R x
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∃n : y Rn x x
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E = {a; b; c} x
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φ : E → P≥(PE)
e 7→ Sat≥(Pe)
ψ : P≥(PE) → E
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 φ(∨A) ⊂ ∪{φ(a); a ∈ A}
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x ≤ a x
,$h		
x ∈ Sat≥(Pa) = φ(a) ⊂ ∪{φ(a); a ∈ A}
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 ∪{φ(a); a ∈ A} ⊂ φ(∨A)
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p ∈ P∨A x
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p ∈ a x
$h	#
p ≤ ∨{p; p ∈ a} = ψ(a) x
|/42
p ≤ ∨{ψ(a); a ∈ A}
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ψ(∪A) = ∨{p; p ∈
∪A} x
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ψ(∪A) ≤ ∨{ψ(a); a ∈ A}
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x ≤ p x
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e ∈ E x
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x ∈ Sat≥(Pe) x
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∨{p; p ∈ Sat≥(Pe)} ≤ ∨{p; p ∈ Pe}

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Pe ⊂ Sat≥(Pe) x
ﬃﬁ/4#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∨{p; p ∈ Sat≥(Pe)} ≥ ∨{p; p ∈ Pe}
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P ∈ P≥(PE) x
 1




p ∈ P x p ≤ ∨{p; p ∈
P} x
,$	#
p ∈ P∨{p;p∈P} ⊂ Sat≥(P∨{p;p∈P})
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E = P≺β(Λ) 7 8
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b ∈ E L
} ∨{a@b; a ∈ A} = ∨A@b




















































































a@c ≤ b@c 8
-
c@a ≤ c@b
EHG8J/N8"L a@c ≤ ∨{x@c; x ∈ {a; b}} = (∨{x; x ∈ {a; b}})@c = b@c
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} IV(uv) = IV(u)@IV(v) K
} IV(λx.t) = Λ(e 7→ IV [x:=e](t)) K

















	  ")ﬁ"n$S	  ﬃfy	;$eﬁﬃ1Q
#
	  ﬃ,$d=	h# 	$ﬀ "$dM$  "s t$d=	  "5$d
	,$S1i$ﬀ ﬃ#='
  NML L NGk
'*),+.-
t 7 u 8
-





































G8 ?BA0DC u 7 IV [y:=e](u) = IV(u)





	1g	+-  "$  "


























	ﬁ# ﬃZ18$  ﬃ
x
/4$  "" ﬃ1i$
-1X	,+-" "$ﬀ ﬃ#=ﬁ3/  ﬃ5$d
	$S18$  ﬃ6$g5
v87












z = y x
1iﬁﬃ
IV [y:=e](u) = Λ(f 7→ IV [y:=e][y:=f ](u
′))





y 6= z x y
|/4$
-1gﬁ# ﬃ 	 -1	
u′
$;'










= Λ(f 7→ IV [z:=f ](u
′))
De







$e		=si1  u1 	ﬁ"
x




























= Λ(e 7→ IV [x:=e](t
′))




















IV(t[x := u]) = IV(λy.(t
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v = a′[x := b]
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IV (u) = IV (a)@IV (b)
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a@b = {f(α, β);α ∈ a, β ∈ b}
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∨A@b = {f(α, β);α ∈ ∨A, β ∈ b}
= {f(α, β); ∃a ∈ A : α ∈ a, β ∈ b}
= {x; ∃α∃a∃β(a ∈ A, α ∈ a, β ∈ b, x = f(α, β)}
= {x; ∃a(a ∈ A, ∃α∃β(α ∈ a, β ∈ b, x = f(α, β)}
= {x; ∃a(a ∈ A, x ∈ a@b)}
= ∪a∈A(a@b)
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WF (Γ) P ∈ Γ
Axo
Γ ` P
Γ, P ` Q
⇒oI
Γ ` P ⇒o Q
Γ ` P ⇒o Q Γ ` P
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Γ ` Q
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Γ ` ∀osx Q
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Γ, X : s ` t : A
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Γ ` t : ∀τsX.A
Γ ` t : ∀τsA Γ ` v : s
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Γ ` t : A Γ ` A′ : τ A′ β A
βτexp
Γ ` t : A′
Γ ` P P β P
′
βored
Γ ` P ′
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Γ ` t : P  A
Γ ` t : P  A Γ ` P
E
Γ ` t : A
 `  %
V  





r$ $ ﬁ"ﬁ 
#F

  ﬁ # ﬀ" %'	ﬃO5$ F
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Renf
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∀A,B(∀x(A(x)⇒ B(x)) ⊂ (∀xA(x)⇒ ∀xB(x)))
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∀A,B(S(B)⇒ ∀X(A[X] ⊂ B[X])⇒ (A ⊂ B))
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 IV(∀os) = f 7→ ∧{f(x); x ∈ s}
 IV(⇒τ) = a 7→ b 7→ (a→ b) x





 IV(∀τs) = f 7→ ∧{f(x); x ∈ s}
























t = u(v) x IV(u) ∈ s1 → s2
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t = λx : s1.u x
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IV(t) = a 7→ IV [x:=a](u)
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IV(p) = Λ(a 7→ IV [x:=a](u))
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IV(P ) = > x
ﬁ 	

V  Γ, P
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x IV(P ) = ⊥ x
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∧{IV(λx : s.Q)(a); a ∈ s} = >
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x IV [x:=a](t) ≤ IV(B) x
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= ∧{IV(A)(y)→ IV(B)(y); y ∈ s}@ ∧ {IV(A)(y); y ∈ s}
≤ (IV(A)(a)→ IV(B)(a))@IV(A)(a)
≤ IV(B)(a)
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sxA(x)) ≤ ∧{I(B)(y); y ∈ s}
= I(∀τxB(x))
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V(x) ⊂ F (a0)
  ﬁ5
$G  ﬁ   ﬁ&"4
V[y := a0]  Γ, y : s, x : F (y) x
$#	
x
Zs	;ﬁ  "ﬃ  ﬁ

"
Γ ` A : τ
,$ﬁQ*56-$d	
ﬀ+*  ﬁ $  ﬂ F







3F  ﬁ 
"!s  ﬂ/)5$ $ 











ﬀ ﬂ	ﬁﬂ$	 $ "4
∀X(A[X] ⊂ B[X])
  ﬁ 
*,
"" "$ "4
A ⊂ ∀X(X ⇒ B[X])
& 
I(∀X(X ⇒ B[X])) = IV [b:=B](
ﬃ! b"











-  ﬁ 9
b
7&s  ﬁ&	
,NﬃO	ﬁﬂhﬁ  "#s	 hﬁ : -

















        cX
-












IV [x:=IV(t)](Q) = IV(Q[x := t])
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IV [A:=a,B:=b](A ∪ B) = ∨{a; b}
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IV [A:=f ](∪sxA(x)) = ∨{f(y); y ∈ s}
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IV [A:=a,B:=b](A[B]) = a@b
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a[b] = IV [A:=a,B:=b](A[B])
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A ⊂ B ⇒ A[B]
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B ⇒ A[B] ⊂
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A[B] ⊂ ((A ⊂ (B ⇒ C))  C
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Γ, X : τ, A ⊂ B ⇒ X ` u : A
Axo
Γ, X : τ, A ⊂ B ⇒ X ` A ⊂ B ⇒ X
⊂




Γ, X : τ, A ⊂ B ⇒ X ` v : B
⇒τE
Γ, X : τ, A ⊂ B ⇒ X ` (uv) : X
I
Γ, X : τ ` (uv) : (A ⊂ B ⇒ X)  X
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( Γ ` ∀P ((P ⇒ ⊥o)⇒ ⊥o)⇒ P )
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( Γ ` ⊥o ⇒ ∀XX
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Γ ` t : A
Γ ` A 6= ∅
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Γ, x : A ` B ⊂ B′
Γ ` A⇒ B ⊂ A⇒ B′
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¬P = P ⇒ ⊥o
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Ax, E
Γ,¬¬P, x : P  ⊥τ , P ` x : ⊥τ
⊂, RC
Γ,¬¬P, x : P  ⊥τ , P ` ⊥o
⇒oI
Γ,¬¬P, x : P  ⊥τ ` P ⇒ ⊥o
Ax,⇒oE
Γ,¬¬P, x : P  ⊥τ ` ⊥o
⊂
Γ,¬¬P, x : P  ⊥τ ` x : ⊥τ
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Γ,¬Q, x : A ` A ⊂ ⊥τ
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Γ, A ⊂ ⊥τ ` t : ⊥τ
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` ∀A,B∀P ((P ⇒ A ⊂ B)⇒ (A  P ) ⊂ B)
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` ∀A∀P ((A  P ) ⊂ A)
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` ∀A∀P (P ⇒ A ⊂ (A  P ))
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Γ ` t : A  P
Γ ` t : A
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` ∀A, P ((A  P ) 6= ∅ ⇒ P )
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  "4" R
$














8#%   "$
"" 
1	5$ 





$ﬀ "% ﬁﬁ 
)ﬁ #
r$Pi$#$D* 8  ﬂﬃO " ﬃﬁDﬃ	ﬁ -,C  t$Xﬁ *E8  ﬁ	ﬃO
G	y$ﬀ ﬁ4" t$#hﬁ *E	#ﬁ$ ﬁi$  ﬂ 
ﬀ   
.X 




ﬀ" ﬃ!&'@  7 
:
1"  )
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∀y(∀x(F (x)⇒ A)[F (y)] ⊂ A)
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` ∀A,B(∀X(S(X)  ((X ⊂ A)  (X ⇒ B))) ⊂ A⇒ B)
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∀x(S(x) ⇒ x ⊂ A⇒ x ⊂ B)
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∀x(x  (S(x) ∧ x ⊂ A)) ⊂ B)
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(A  P ) ⊂ ⊥τ
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Ss(A) = (A 6= ∅ ∧ ∀os→τB((A ⊂ ∪xB(x))⇒ ∃x(A ⊂ B(x))))
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∀Y (Y  (∃sx(Y ⊂ B(x)))) ⊂ X
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Y = B(x)






D$ ﬃﬁ % 	#$ 
" ﬁ"
∃x(A ⊂ B(x))
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∃Y A ⊂ (Y  (∃sx(Y ⊂ B(x))))
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y ⊂ A ∧ y ⊂ V (a)

















z ⊂ y (c)
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z ⊂ U
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∃t(z ⊂ B(t))
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A ⊂ ∪X(A∩ (X  (X ∩A ⊂ ∅)))
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∀X((A ∩ (X  (X ∩ A ⊂ ⊥τ ))) ⊂ ⊥τ )
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A∪̂B = ∪X(X  (X =⊂ A ∨X =⊂ B))
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∀X(X  (X =⊂ A ∨ X =⊂ B) ⊂ K)
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(B∪̂C)∩A ⊂ ∪X((X  (X =⊂ B∨X =⊂
C)) ∩ A)
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X =⊂ B ∨X =⊂ C
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P‖Q = ∀X((P  X)⇒ (Q  X)⇒ X)
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ΛXA(X) = ∀X(X ⇒ A(X))
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Bool = ∀X(X ⇒ X ⇒ X)

ﬀ   
.X +
z 7&$ = )
0
(
` ∀P,Q(P‖Q ⊂ Bool)

(
` ∀P,Q(P ⇒ ΛXΛYX ⊂ P‖Q)

(
` ∀P,Q(Q ⇒ ΛXΛY Y ⊂ P‖Q)

(
` ∀P (P ⇒ ΛXΛYX =⊂ P‖(¬P ))

(
` ∀P (¬P ⇒ ΛXΛY Y =⊂ P‖(¬P ))
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P ` Y ⊂ ¬P  X
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µX.F (X) = ∀X.(∀A(A ⊂ X ⇒ F (A) ⊂ X)  X)
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
z 7&$ = )
(1) ` ∀F∀X(X ⊂ µX.F (X)⇔ ∀Y (∀A(A ⊂ Y ⇒ F (A) ⊂ Y )⇒ X ⊂ Y )
(2) ` ∀F∀X(X ⊂ µX.F (X)⇒ F (X) ⊂ µX.F (X))







` ∀P∀X(X ⊂ ∀Y (P (Y )  Y ) ⇔ ∀Y (P (Y ) ⇒
X ⊂ Y )
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$  ﬁﬃﬃO" 8$ 
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∀P∀X(P (X) ⇒ ∀X(P (X)  X ⊂ X))
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(1) ` ∀F (F (µX.F (X)) ⊂ µx.F (X))
(2) ` ∀F (Cresc(F )⇒ F (µX.F (X)) =⊂ µx.F (X))
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µx.F (X) ⊂ F (µX.F (X))
 $ D* 	 	











A ⊂ F (µX.F (X))
 	L:	
(1) A ⊂ µX.F (X)
 ,$#	
Cresc(F )
L M$  ﬁ5$Xﬁ 
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 (3)
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F (I) =⊂ I
"4
∀A(A ⊂ I ⇒ F (A) ⊂ I)
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x1, . . . , xn
ﬀ&
φ
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@ﬀ898  " A !&$" 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λ c















{ |x|φ = φ(x)
{ | | u v } |φ = |u|φ[|v|φ]
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b¢ |t|φ ⊂ |t′|φ £
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 ΛX.F (X)[V ] ⊂ F (V )
	
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 A ⊂ ΛX.A[X]

/¨  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U§ﬂ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A ⊂ ∀X, Y ((A ⊂ (X ⇒ Y ))  (X ⇒ Y ))
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A ⊂ ∀X(X ⇒ ∀Y ((A ⊂ (X ⇒























∀X(F (X) ⊂ G(X))
ﬁ*§ﬃﬂ 






















t = @ u v A
)¨
t′ = @ u′ v A
Bﬀ& 'J'














t = FG8H x I*J u
¨









X |u|φ[x:=X] ⊂ |u′|φ[x:=X]
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  A ¦
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Γ ` |t|φ ⊂ A  
* 
b¢ Γ ` t : A
tK¥*¤¦
eﬁ'/ﬀ3





Γ ` t : |t|φ
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¢ Γ ` |t|φ ⊂ A
tK¥*¤¦






















Γ, x : A ` |u|[x:=A] ⊂ B
Γ, x : A ` A⇒ |u|[x:=A] ⊂ A⇒ B
¨'//O'U§ﬃ3')')ﬁ*
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Γ ` (A⇒ |u|[x:=A]) ⊂ (A⇒ B)
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` |t| ⊂ A
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 ¢$¦ X : τ, x : X,S(X), X ⊂ A £
























Γ, X : τ, x : X,S(X), X ⊂ A,∆ ` t : B Γ,∆ ` B : τ
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Γ, P, Q,∆ ` t : B
Γ, P ∧Q,∆ ` t : B
ﬃK'
Γ, x : A, P,∆ ` t : B























Γ, x : A,∆, P ` t : B
:)¨]/ﬂ./
Γ, x : A,∆ ` t : P  B
'






Γ, x : A, ∆ ` t : P  B
(a)
Γ, x : A, ∆ ` A  P ⊂ A
Coup
Γ, x : A  P, ∆ ` t : P  B
Axτ
Γ, x : A  P, ∆ ` x : A  P
(b)
Γ, x : A  P, ∆ ` P
E










	ﬁ*.^¨9O-¨Eﬁ*/" ﬃ   © §ﬃ
!
Γ, X : τ, x : X,S(X), X ⊂ A,∆ ` t : B
Γ, x : X  (S(X) ∧X ⊂ A),∆ ` t : B






Γ, X : τ, x : X  (S(X) ∧X ⊂ A) ` t : B Γ ` B : τ
UG
Γ, x : ∪X(X  (S(X) ∧X ⊂ A)) ` t : B
Atom.
Γ ` A ⊂ ∪Y (Y  (S(Y ) ∧ Y ⊂ A))
Coup
Γ, x : A ` t : B
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Γ ` t : B
Vﬁ*§ﬂﬀ- §5 ?ﬁﬃ/¨9l3.//$&
	ﬁ¨ ﬃﬂ./
Prec(Γ) ` t : B 
































Prec(Γ) ` FG=H x IJ u : ∀X(X  S(X)  (X ⊂ A)⇒ B)
¨'/')ﬁ*ª§ﬃ1nCﬁ «¨ +ﬃ
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Prec(Γ), X : τ, x : X,S(X), (X ⊂ A) ` X ⊂ B
(a)
Prec(Γ), X : τ, x : X ` X ⊂ (S(X)  (X ⊂ A)  B)
Renf
Prec(Γ), X : τ ` X ⊂ (S(X)  (X ⊂ A)  B)
(b)
Prec(Γ), X : τ ` (X  (S(X) ∧X ⊂ A)) ⊂ B
∀oI
Prec(Γ) ` ∀X(X  (S(X) ∧X ⊂ A)) ⊂ B
(c)
Prec(Γ) ` ∪X(X  (S(X) ∧X ⊂ A)) ⊂ B
(d)








 `$&  	ﬁ*.^¨ﬁ(	*&$§ﬃ&ﬁ ?.ﬂ"%&h/ §+ﬁ














Prec(Γ), X : τ, x : X,S(X), X ⊂ A, Prec(∆) ` t : B

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!
Prec(Γ), X : τ, x : X,S(X), X ⊂ A′, P rec(∆), X ⊂ A ` t : B
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Prec(Γ), X : τ, x : X,S(X), P rec(∆), y : s,X ⊂ A(y) ` t : B
¨/ﬂ./
!
Prec(Γ), X : τ, x : X,S(X), P rec(∆) ` t : ∀y(X ⊂ A(y)  B)
ﬁ*ﬁ /;ﬁ! © §&ﬃ ﬀ"#.6¨
!
Prec(Γ), X : τ, x : X,S(X), X ⊂ ∪yA(y), P rec(∆) ` t : ∀y(X ⊂ A(y)  B)
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Γ, X : s, x : F (X) ` t : B
RG
Γ, x : ∪XF (X) ` t : B Γ ` A′ ⊂ ∪xF (x)
Coup
Γ, x : A′ ` t : B
P
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` |t| ⊂ A
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 Nat = ∀X(X ⇒ (X ⇒ X)⇒ X)
 Deux = FG=H x IJ FG=H f I*J @ f @ f x A8A

. 	*&3 ¨5"%ﬂ.^¨9 &
` |Deux| ⊂ Nat
4ﬁ(	
|Deux| = ∀X(X ⇒ ∀F (F ⇒ F [F [X]]))
'
{.2'4ﬂﬀﬁ*.^¨
F = X ⇒ X
ﬂ.6ﬁ
!
` F [X] ⊂ X
/;ﬂj
` F [F [X]] ⊂ X
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∀X, Y (S(X) ⇒ S(Y ) ⇒ (X ⊂ Y ))
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F+ = X | F− ⇒ F+ | ∀XF+
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N τ,o(n) = ∀X(X(0)⇒ ∀y(N o(y)  X(y)⇒ X(S[y]))⇒ X(n))
(!"*!"+(&&6
` N τ (n) ⊂ N τ,o(n)
!"+(/&	+(,*,
)
` N τ (n) ⊂ A(0)⇒ ∀y(A(y)⇒ A(S[y]))⇒ A(n)
	































T (n) = ∀X,F ((S(X) ∧ S(F ))  X ⇒ F ⇒ n[X][F ])
(!"*!"+(&&6
` ∀n(T (n) ⊂ ΛXΛFn[X][F ])




.'>	T( !*' (%$ﬂ6 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Z(i'C!"+(/&
` T (n)[X][F ] ⊂ n[X][F ]   
 ,( " $ﬁﬂ!-("D&
x ⊂ X,S(x), f ⊂
F,S(f) 
,(!P!"+(&&.?	0 >' +(E&!"
 " $ﬁﬂ!-(" D& *,









  +(+?	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(0[X][F ]⇒ ∀y(N o(y)  y[X][F ]⇒ S[y][X][F ])⇒ n[X][F ])
⊂

















S(X),S(F ) ` X ⊂ 0[X][F ]
,(
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S[y][X][F ] ⊂ F [y[X][F ]] 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S(y) 
!")!68 ( 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No+(n) = ∀X(X(0)⇒ ∀y(N o(y)⇒ X(y)⇒ X(S[y]))⇒ X(n))
 (!"*!"+(/& ' M?	9(G
&
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∀n(No(n)⇒ (N τ (n) ⊂ n))

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τ (n)  
Q#R  ﬁ 
'  ﬂ    6 4V
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∀n,m((n× S[m]) =⊂ n+ (n×m))
*
#5	+(ﬃ5	@?' '6
m+ n = m[n][S]
(
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= , 	  ,

	
= , 	 
 a  b  = ﬀ	 ﬁ a  b 
ﬂﬃ = ﬀ	 !"
	





' = )(  *(+
	



































































(1) ` S( @0ACB-DFEG ) ∧ @0AHB-D3EG ⊂ ∀x, y(N τ (x)⇒ N τ (y)⇒ ((x = y)‖(x 6= y)))
(2) ` ∀x, y(N o(x)⇒ N o(y)⇒

 (x = y)⇒ @0ACB-D3E3G3I x JKI y J ⊂ LNMO,P∧








































 [x][y] ⊂ ((x = y)‖(x 6= y)))
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


























































































































































































 x  ﬃ  
!"*	







 p =  c 	  c ac  ac 
!"*	



































































x ∈ A = (x ⊂ A) ∧ S(x)























∀x : A.P (x) = ∀x(x ∈ A⇒ P (x))
∃x : A.P (x) = ∃x(x ∈ A ∧ P (x))


































(1) ` ∀A,B∀α : A.∀β : B((α, β) ∈ A×B)
(2) ` ∀A,B∀X : A× B.( lmdf [X] ∈ A)
(3) ` ∀A,B∀X : A× B.( lmdHG [X] ∈ B)
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S(α)  α ⊂ A  S(β) 
(































∃α ∈ A, β ∈ B(X ⊂ (α, β)) 

!"' ' + ﬁﬂ!-(ﬁ+&4&
S(α)  α ⊂ A  S(β)  β ⊂ B
,(







































 '  + ﬁﬂ!-(ﬁ+4&
X ⊂ A × B
,(
S(X) 
∃α ∈ A, β ∈ B(X ⊂  α  β  ) 

!"'' #+ ﬁ@!1(ﬁ+4&
S(α)  α ⊂ A  S(β)  β ⊂ B
,(




























ﬃ$# [(α, β)]) 












ﬃ& (α, β)] = α
(,*,
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A ⊂ A′
(
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P1(u) = <&< P-ACB-D3EG < b df
ﬃ
> > u >
























































































M = M [
.



























































 u '	 M1 ? M2 = M1|M2 [  , 	-, , u].
= M1[M2[ ,  , , u], u]




2 (u)   , 	-,  , u]
=  P 11 (u) P
1
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B4"%$ t(u) ∈ B(u)
2.
Γ ` u ∈ C × A
Γ ` No(C)
Γ ` ∀y : A.t(y) ∈ B((C, y))





C =  1"%$ t(  ) ∈ B(u)
3.



















	 t(u) = t(u)
 
 #	 *,






















 P1(u) P2(u) 
9





S(  P1(u) P2(u) 
9
,  ,  ) 





















 P1(u) P2(u) 
9















ﬃ u ∈ C
( *,
 













































 P1(u) P2(u) 
9











































P1 : Γ ` u ∈ (C × A) ∪ T
P2 : Γ ` No(C)
P3 : Γ ` ∀X : T.( lmdf [X] 6= C ∧N
o( lmd-f [X]))
P4 : Γ ` ∀y : A.t(y) ∈ B((C, y))
P5 : Γ ` ΛX(tX) 6= ∅













P1 : Γ ` u ∈ (C × ΛXX) ∪ T
P2 : Γ ` No(C)
P3 : Γ ` ∀X : T.( lmdf [X] 6= C ∧N o( lmd-f [X]))
P4 : Γ ` t ∈ B((C,ΛXX))
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 u D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{C1 : A1; . . . ;Cn : An}
=








































































C = f "5$
<


































Γ ` a ∈ A Γ ` N o(C)
Γ `< C = a >∈ {C : A}
(2)
Γ ` a ∈ A
Γ `< u >∈ {C1 : A1; . . . ;Cn : An}
Γ ` No(C)
Γ ` ∀X(∀y : ((C1 × (A1 ⇒ X)) ∪ . . . ∪ (Cn × (An ⇒ X))).





Γ `< C = a; u >∈ {C : A;C1 : A1; . . . ;Cn : An}
(3)
Γ ` a ∈ A
Γ ` p ∈ {C1 : A1; . . . ;Cn : An}
Γ ` No(C)
Γ ` ∀X(∀y : ((C1 × (A1 ⇒ X)) ∪ . . . ∪ (Cn × (An ⇒ X))).





Γ ` [C = a] + p ∈ {C : A;C1 : A1; . . . ;Cn : An}

























 x D C  f 	  f a  ∈ X
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 x '	 C  f 	  f a 
?
u(x)) ∈ {C : A;C1 : A1; . . . ;Cn : An}
 












































(  x 	.&
	











































































































Γ ` u ∈ {C : A} Γ ` N o(C)
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 {C1 : A1; . . . ;Ci : Ai; . . . ;Cn : An}⊂
{C1 : A1; . . . ;Ci : A′i; . . . ;Cn : An}


(2) ` ∀A1, . . . , An, A′i

 {C1 : A1; . . . ;Ci−1 : Ai−1;Ci : Ai;Ci+1 : Ai+1; . . . ;Cn : An}⊂
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Ai ⊂ A′i 
























(C1 × (A1 ⇒ X)) ∪ . . . ∪ Ci × (A′i ⇒ X) ∪ . . . ∪ Cn × (An ⇒ X)
⊂
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s = s1, . . . , sn 
























































































































































7 % 7 %




























sP (x1) . . . (xn)⇒ P (∆
s


























` ∀P∀x1 . . . xn(P (x1) . . . (xn)⇒ ∃x1 . . . xnP )
 
(
` ∀P∀K(∃x1 . . . xnP ⇒ ∀x1 . . . xn(P (x1) . . . (xn)⇒ K)⇒ K)
!
(
` ∀A∀x1 . . . xn(A(x1) . . . (xn) ⊂ ∪x1 . . . xnA)
"
(








































l = 1 
07L2( 
ﬁ/		 
     
     
 














A(x1) . . . (xn) ⊂ ∪x1 ∪ x2 . . .∪ xnA(x1) . . . (xn)

 
 ,(. + ﬁﬂ!-(ﬁ+4&
∀x1(∪x2 . . . ∪ xnA(x1) . . . (xn) ⊂ X)








A(x1) . . . (xn) ⊂ ∪x2 . . .∪xnA(x1) . . . (xn) 
 *,	;2( 
ﬁ/	 	K>	




















































































































 Ai = si
 m = 1



























I(∃x1 . . . xnP (x1) . . . (xn)) = > 
	-'!&



























































































































































































X ⊂ ∪X(X  (S(X) ∧
P (X))) 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WF (Γ) s = o
68<
s = τ x /∈ V (Γ) x ∈ Vs
WF (Γ, x : s)
WF (Γ) Γ ` A : τ x /∈ V (Γ) x ∈ V
WF (Γ, x : A)
WF (Γ) Γ ` P : o
WF (Γ, P )
WF (Γ) x : τ ∈ Γ y : τ ∈ Γ











WF (Γ) x : s ∈ Γ






Γ ` P : o Γ ` Q : o
Γ ` P ⇒ Q : o
Γ, x : s ` P : o s 6= pi
Γ ` ∀osx.P : o
Γ, x : A ` P : o




Γ, x : s ` A : τ s 6= pi
Γ ` ∀τsx.A : τ
Γ, x : A ` B : τ
Γ ` Πτx : A.B : τ
Γ, x : A ` P : o
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` τ : ∗r ` o : ∗r ` pi : ∗
` s : ∗ ` r : ∗r
` s→ r : ∗r
` r : ∗r















A Vpi = V
DJk&%)P+'











WF (Γ) ` s : ∗ x /∈ V (Γ) x ∈ Vs




Γ, x : s ` t : s′ ` s′ : ∗r
Γ ` λx.t : s→ s′
Γ ` u : s→ s′ Γ ` v : s











Γ ` u : pi Γ ` v : pi
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P = V |
pCq*r
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WFpi(Γ) x : A ∈ Γ
Axτ
Γ ` x : A




x → t : Πτx : A.B
Γ ` u : Πτx : A.B Γ ` v : A
ΠτE
Γ ` O u v P : B[x := v]
Γ, x : s ` t : A
∀τI
Γ ` t : ∀τsx.A
Γ ` t : ∀τsx.A Γ ` v : s
∀τE
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Πτx : A.B (
?
' -g,ﬂ'/K4L&(ﬃn"!(8+42&(ﬃU/(ﬂ"$"$&%ﬃ$ 	+',.-7'Q)$&(ﬃSZ




x 0 p 1
r
q : B[x := p]






x→ t : A⇒τ B




u v  : B
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Γ ` u : A
prog2pi
Γ ` u : pi
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Γ, x : A ` P
ΠoI
Γ ` Πox : A.P
Γ ` Πox : A.P (x) Γ ` t : A
ΠoE
Γ ` P [x := t]
Γ, x : s ` P
∀oI
Γ ` ∀osx.P
Γ ` ∀osx.P Γ ` t : s
∀oE
Γ ` P [x := t]
Γ, P ` Q
⇒oI
Γ ` P ⇒o Q
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 ⊥o = ∀ooX.X
 A ∧B = ∀ooX((A⇒ B ⇒ X)⇒ X)
 A ∨B = ∀ooX((A⇒ X)⇒ (B ⇒ X)⇒ X)
 A⇐⇒ B = (A⇒ B) ∧ (B ⇒ A)











oa : A.Πob : B.(a = b⇐⇒ ∀opi→oX.(X(a)⇒ X(b)))
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(X ⊂ Y ) ∈ Γ
⊂Ax
Γ ` X ⊂ Y
"
U#"V&l{ 2Fm2)$#gZ
Γ ` A : τ
⊂Refl
Γ ` A ⊂ A
"
":-7'ﬃ!m)$2Fmm):#}Z
Γ ` A ⊂ B Γ ` B ⊂ C
⊂Trans
Γ ` A ⊂ C
"
~"T|,ﬁ@2)ŁZ
Γ ` A′ ⊂ A Γ, x : A′ ` B ⊂ B′
⊂Πτ






Γ ` A ⊂ B
⊂SC−CR⊂






Γ ` Πox : A(P (x)⇒o Q(x))
⊂SC−CR⇒o
Γ ` {x : A;P (x)} ⊂ {x : A;Q(x)}
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Γ ` t : A Γ ` P (t)
SCI
Γ ` t : {x : A;P (x)}
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Γ ` t : {x : A;P (x)}
SCoE
Γ ` P (t)
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Γ ` t : {x : A;P (x)}
SCτE
Γ ` t : A
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Γ ` t : A Γ ` A ⊂ B
⊂
Γ ` t : B
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Γ ` u : A ` u  v
pi
Γ ` v : pi
Γ ` u : A ` u  v
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" b : BF `
r"-
(b) : BF
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b : B ` b = ﬁﬀﬂ ⇒o ﬃ (b) =  "!$# %ﬂ ∧ b =  "!$# %ﬂ ⇒o &('*) (b) = ),+$-(.
SCI
b : B ` &'*) (b) : {r : B; b = ),+$-. ⇒o r = /,0213 . ∧ b = /,0213 . ⇒o r = ),+*-(. }
ΠτI
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 > :=@ hŁi $ ﬂ(w.hl ¢ilwmL JReﬂ nhji $lbFL JRe %(xLhNM
` Πox : ∀XX.⊥o
`	b:hlw Jﬂh	M|+ﬁﬃM4«V #*BD 	ﬂ)%# %ﬃ$&
x : ∀XX
k+' ,#(,ﬁ@2)
x : ∀A,BΠτa : A.Πτ b : B{r : A; r = a}
&%)
x : ∀A,BΠτa : A.Πτ b : B{r : B; r = b}
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Γ ` A : τ Γ ` B : τ
Γ ` A×B : τ








p  q  : A× B
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Γ ` A ⊂ A′ Γ ` B ⊂ B′
⊂×
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: ∀A,B∀CΠ
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`
∀A,B∀CΠog : (A⇒ B ⇒ C).Πox : A.Πoy : B.
ﬃ!ﬃq    ﬃTq*r	q   
g  ﬀ x y  0
ﬃﬀﬃ
g x  y  
`
∀A,B∀CΠof : (A×B ⇒ C).Πoc : A×B.
ﬃﬀﬃ!ﬃTq*r	Rq    ﬃRq   
f  ﬀ c  0
ﬃ
f c  







' 'VW-=' /ﬃq  ﬁ ﬃTq*r	Rq   
g  ﬀ 0 g
k ' /ﬃﬀﬃTq*r	q  ﬁ ﬃRq   











: (B ⇒ C)⇒ (B ⇒ C)
k,.-ﬂ'ﬃU/%&S/(-ﬂﬃSZ
ﬃRq    ﬃTq*r	q   












: A× B ⇒ A× B
k.,.-7'ﬃU/(&K/G-ﬂﬃKZ
ﬃ!ﬃTq*r	q    ﬃq   
f  ! =
pCq*r	
→



















: ∀A,B(A× B ⇒ B × A)
ﬃ$&ŁFﬂ#("!mH.&Ł>®-ﬂ/	24L&%;=&%'Q)	B
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τS : ∗




C = {C1;C2; . . .}









WF (Γ) C ∈ C
C0
Γ ` C : τS
Γ ` A : τ C ∈ C
C1
Γ ` C  A : τS
Γ ` T : τS C ∈ C C /∈ T
Sum0
Γ ` C 	 T : τS
Γ ` T : τS Γ ` A : τ C ∈ C C /∈ T
Sum1
Γ ` C  A 	 T : τS
WF (Γ) C1 ∈ C C2 ∈ C C1 6= C2
/∈C0
Γ ` C1 /∈ C2
Γ ` A : τ C1 ∈ C C2 ∈ C C1 6= C2
/∈C1
Γ ` C1 /∈ C2  A
Γ ` T : τS C1 ∈ C C2 ∈ C C1 6= C2 C1 /∈ T
/∈Sum0
Γ ` C1 /∈ C2 	 T
Γ ` T : τS Γ ` A : τ C1 ∈ C C2 ∈ C C1 6= C2 C1 /∈ T
/∈Sum1
Γ ` C1 /∈ C2  A 	 T
Γ ` T : τS
/∈Sum1
Γ ` T : τ
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x + w|hŁDhNQjcR Qlx w*iPL§cR
P !
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Q (
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Γ ` C ∗  T : τS
⊂−
Γ ` C∗ ⊂ (C ∗  T ) ∧ T ⊂ (C ∗  T )





























Γ ` C1 ∗  C2∗ : τS
Comm




Γ ` T : τS Γ ` C1 ∗  C2 ∗  T : τS
Assoc
Γ ` (C1 ∗  C2 ∗  T ) =⊂ (C2 ∗  C1 ∗  T )
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M = N | N M
N = C V → P | C → P |  → P
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WF (Γ) C ∈ C
Constr0I
Γ ` C : C
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Γ ` p : A C ∈ C
Constr1I



















Γ ` p : C
7p
































Γ ` C /∈ S
Γ ` p : C  S
Γ ` f : B(C)















Γ ` C /∈ S




A   S
Γ, x : A ` f : B(C   x  )










C x → f  M(p) : B(p)
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C,C ′ ∈ C C 6= C ′
C 6=
` ∀AΠox : A.C 6= C ′[x]
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4L&3)CBD .-ﬂ8+&1,&146- >@+'/l)$Lﬂ'


















A : τ ` Πox : (C
7p
A).P (x) ⇐⇒ Πox : A.P (C   x  )
"
~"T+ "!2#%)$#(ﬃn,&%ﬃﬀﬃT+;=;<&(ﬃŁZ
Γ ` A B : τS Γ, x : A ` P (x) Γ, x : B ` P (x)
 log
Γ ` Πox : (A B).P (x)
"
BD .-ﬂ8+&K .-7"^,@Lﬃ@YTﬂ'/%)!L+'3Z
Γ ` A B : τS Γ, x : A ` p : T (x) Γ, x : B ` p : T (x)
 typ
Γ, x : A B ` p : T (x)
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p - 27r 254 2-g42&M)CB| 	&Sﬃ$ﬁ mFﬂ-7'Q)KZ
∀AΠτb : 
 34
.Πτx : A.Πτy : A.{r : A; (b = 
§q 2
⇒ r = x) ∧ (b = 	
<4 2
⇒ r = y)}
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P = . . . |
ﬃ  2 
P  
~ﬂﬁ"/(+'ﬃ):"Tﬁ L"T&4L&(ﬃ)CBD 	&(ﬃL'A,ﬁ/%)!2>@ﬃ%k(+'Kﬃ$&¢,ﬂ''&¢,&(ﬁD{K/(+'A, 2)!L+'ﬃ,&8*-ﬂ"T,&(ﬃOQﬁ&¢'+ﬁﬃ-7  o&%4L+'Aﬃ
/(ﬂ', 2)!L+'Aﬃn,V¡-74L8+#%X"!2/	2)$#Z




wDOQjcR Ch Ch %	L§hlGcRblf $
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h­x + cR ch
Γ ` Alg(F )
iPL MyxLhjiŁi $ ﬂ(w.hl @iMilwmL JReﬂ  iŁicR  $lfNcR ®bTe %(xLhjiNM
(sum) Γ, X : τ ` F (X) : τS
(cresc) Γ, X : τ, Y : τ,X ⊂ Y ` F (X) ⊂ F (Y )
	
 cCh
Γ ` Alg(F )
xLhﬂ%eIL= ﬂ(w.h
F
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' -YT+ﬁA):&K-7ﬁ|{0)CBD o&%ﬃﬀ42&(ﬃa)CBD 	&(ﬃ L',ﬁA/%)$m>@ﬃ L'*):"T|,Aﬁ 2)$ﬃa .-ﬂ"U4L&Ł4#L&%ﬁ"
µ
Z
Γ ` Alg(F )
µτ
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Γ, A : τ, Πox : A.P (x), A ⊂ µX.F (X) ` Πox : F (A).P (x)
Induc





Γ, A : τ, f : Πτx : A.B(x), A ⊂ µX.F (X) ` t : Πτx : F (A).B(x)
Recµ
Γ `
ﬃ  2 ŁpCq*r
f → t  : Πx : (µX.F (X)).B(x)

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"$#%/(ﬁ"T"$&('A/(& &zﬁ'
 .-ﬂﬃ+(jk.4L-t"!(8+42&Ł,&S"$#(/%ﬁ"$"T&('/%&X 2&('!>@+',#%&IB

&%4L4L&JC/"_/(+"T"$&(ﬃT oﬂ', -ﬂﬁ "L'/"L 	&Ł,&K,#(;<+'ﬃ):":-R)$Lﬂ'
ﬃ$ﬁ@2F7-ﬂ'*)Uﬃ$ﬁ"^4L&%ﬃ &CFD":-%Lﬃ)(P&('*)!L&("TﬃU'.-7):ﬁA"$&(42ﬃKZ
∀n : N(∀m : N.(m < n⇒ P (m))⇒ P (n)) ⇒ ∀n : N.P (n).
?
'8ﬂ#('#%":-ﬂ4#Lﬃ$&P/(&S "!2'/	2 o&M&%',A#%H.' 2ﬃ$ﬃ$-ﬂ'*)ﬀ)$+ﬁA)U,VW-ﬂX	+"$,!/(&SOQﬁV&(ﬃT)ﬀﬁ'&K"T&(46-R)$Lﬂ'X L&%'>@ﬂ',#(&tZ
576  C*: @ :ﬃBDC  G 2ﬃ>A@:ﬃBDC  : G C BDCLF69G 

	
EIL= ﬂ(w + w|h[b:hlxme  L§cR
R : pi → pi → o
hji %	L§hl










Γ, y : µxF (x), f : Πτx : {µx.F (x);R(x, y)}.B(x) ` t : B(y) Γ ` BF (R,µx.F (x))
BFRecµ
Γ ` 	
  f →  y → t  : Πx : (µX.F (X)).B(x)
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` (F (µX.F (X)) =⊂ µx.F (X))
"
'0)CB| 	&SL',ﬁA/%)$m>&(ﬃT)^42&Ł 4LﬁﬃU 	&%)!2)n 	GL'*)nHA{|&<Z
Γ ` F (A) ⊂ A
⊂µ
Γ ` µXF (X) ⊂ A
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ν
Z
Γ ` Alg(F )
ντ
Γ ` νX.F : τ
]-P/(ﬂ', 2)!L+'
Alg(F )











Γ ` Πox : F (νF ).P
Coinduco
Γ ` Πox : νF.P
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Γ ` t : Πτx : F (νF ).B(x)
Coinducτ







Γ ` t : ∀X(X ⇒ F (X))
νcreat1
Γ `
ﬃ  2 







Γ ` t : ∀X((A⇒ X)⇒ (A⇒ F (X)))
νcreat2
Γ `
ﬃ  2 













Γ ` (νF =⊂ F (νF ))
"
~42ﬁﬃn8+":-7',! oG2'*)nHA{|&=Z
Γ ` A ⊂ F (A)
⊂ν
Γ ` A ⊂ νX.F (X)
 	    
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+;<;=&< oﬂﬁ"[42&(ﬃS)CB| 	&(ﬃﬃ$+;<;=&%ﬃ(k+' ﬃT&N,+'A'&ﬁ' &%'ﬃ$&%;}X42&N,#%'+;}X"$-ﬂX42&
L = {l1; l2; . . .}
















Γ ` A : τ l ∈ L
R0
Γ ` {l : A} : τR
Γ ` {T} : τR Γ ` A : τ l ∈ L l /∈ T
R;
Γ ` {l : A ; T} : τR
Γ ` A : τ l1 ∈ L l2 ∈ L l1 6= l2
/∈R0
Γ ` l1 /∈ {l2 : A}
Γ ` A : τ l1 ∈ L l2 ∈ L l1 6= l2 l1 /∈ {T}
/∈R;
Γ ` l1 /∈ {l2 : A ; T}
Γ ` {T} : τR
{}S
Γ ` {T}S : τR
Γ ` {T} : τR
τR2τ
Γ ` {T} : τ
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A
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/(&Sﬃ$ﬂ'Q)ﬀ,&%ﬃﬀ "T+8+"$-ﬂ;=;<&(ﬃnOQﬁ -7)T):&%',&('*)ﬀOQﬁVWﬂ' 4L&%ﬁ"n,+'A'&[ﬁA' /(ﬂ'ﬃT)$"$ﬁ/l):&(ﬁA"ﬀ 	+ﬁ"n>@+ﬁ"T' L"nﬁA'&
F7-ﬂ4L&%ﬁ"º,ﬁ})CBD 	&n/(+"T"$&%ﬃ$ 	+',.-ﬂ'*)	B
H
L'Aﬃ!§kR+ﬁXA4WL&%"yﬁ't/*#.-7;= ﬃy'V¡-742)%%"$&a -ﬂﬃ4L&)CBD 	&n,ﬁt "$ﬂ8+":-ﬂ;<;<&IB

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Γ ` {T1 ; l : A ; T2} : τ
{}−⊂
Γ ` {T1 ; l : A ; T2} ⊂ {T1 ; T2}
"
D+ﬁﬃ§)CBD .-ﬂ8+&K,ﬁ!)CBD o&K,Vﬁ'/*#.-ﬂ;< ﬃKZ
Γ ` {T1 ; l : A ; T2} : τR Γ ` A ⊂ A
′
{}⊂⊂




Γ ` {l1 : A1; . . . ; ln : An} : τR σ
 	&("$;ﬁA)j-7)!L+'0,A&
{1; . . . ;n}
{}σ⊂
Γ ` {l1 : A1; . . . ; ln : An} =⊂ {lσ1 : Aσ1; . . . ; lσn : Aσn}
"
'"T&(8G2ﬃT)$"$&(;<&('*)$ﬃU>@ﬂ"$/(#%ﬃKZ
Γ ` {T} : τR
{}S⊂
Γ ` {T}S ⊂ {T}
  G J 2 G
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R = L = P | R;L = P
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Γ ` {l1 : A1; . . . ; ln : An} : τR Γ ` p1 : A1 . . . Γ ` pn : An
{}I
Γ `< l1 = p1; . . . ; ln = pn >: {l1 : A1; . . . ; ln : An}
"
~"TRYT&(/l)$Lﬂ',VWﬁ'/*#.-ﬂ;< ﬃ
Γ ` p : {l : A}
{}E





Γ ` {l : A;L} : τR Γ ` p : {L} Γ ` q : A
{}+
Γ `   l 0 q 
s
p : {l : A;L}
"
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ﬃ$ﬂﬁ #.-Im):#(&%B
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` p : {    
	  ;    	 2 	   } ` {   	  ;    	 2 	   } ⊂ {    
	  }
` p : {   
	  }
` p ﬀ   : {   
	  }S
ﬁ 8 L8G E  :ﬃC> :ﬃ8G E
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1 2 s1,...,sn : (s1, . . . , sn → τ)→ τ
?
',A#%H.' m)U#(8*-74L&(;<&('*)U,&%ﬃU "$RYT&%/%)!L+'ﬃKZ
Γ ` p : pi Γ ` T : s1, . . . , sn → τ
Dot
Γ ` p :s1,...,sn T.i : si
A
-GFﬂ&(/
s1, . . . , sn n
ﬃ$+"):&(ﬃU&l)
1 ≤ i ≤ n
D
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.s1,...,sn






 x1, . . . , xn.T
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Γ ` t1 : s1 . . . Γ ` tn : sn
⊂r1  2
` T [x1 := t1 . . . xn := tn] ⊂
1 2 s1,...,snx1, . . . , xn.T
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A τ˜ = τ
A o˜ = o
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A o˜′ = o
A pi = τ
A ˜s1 → s2 = s˜1 → s˜2
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A ∅˜ = ∅
A Γ˜, x : pi = Γ˜, x : τ,S(x)
A Γ˜, x : s = Γ˜, x : s˜
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A Γ˜, x : A = Γ˜, x : τ,S(x), x ⊂ A˜
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˜Πτx : A.B(x) = ∀x.(S(x)  x ⊂ A  (x⇒τ B(x)))
˜Πox : A.P (x) = ∀x.(S(x)⇒ x ⊂ A⇒o P (x)))
˜{x : A;P (x)} = ∪x(x  (S(x) ∧ (x ⊂ A) ∧ P (x)))
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Γ˜ ` ∀x(x⇒τ t) ⊂ ∀x(S(x)  x ⊂ A  x⇒ B)
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Γ˜ ` S(u) ∧ (u ⊂ Πτx : A.B) et Γ˜ ` S(v) ∧ (v ⊂ A)
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Γ˜ ` u ⊂ (S(v)  (v ⊂ A)  (v ⇒ B[x := v]))
et
Γ˜ ` (S(v)  (v ⊂ A)  (v ⇒ B[x := v])) ⊂ (v ⇒ B[x := v]))
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Γ˜ ` A′ ⊂ A et Γ˜, x : τ,S(x), x ⊂ A′ ` B(x) ⊂ B′(x)
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Γ˜ ` S(t) ∧ (t ⊂ A) et Γ˜ ` P (t)
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Γ˜ ` u ⊂ v
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A A˜×B = A˜× B˜
A ˜
\ p  q ^ = (p, q)
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1 Jr8 p = p[   ]
A ˜
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A C˜ = C × ΛX.X
A C˜

1 A = C × A˜
A A˜‖B = A ∪B
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A C˜ = (C,ΛX.X)
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Γ ` T : τS
a
VU^ \=R`_
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Γ ` C /∈ T a
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Γ ` T : τS
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` ∀C,A, T (N o(C)⇒ (T ⊂ (∪n(N
τ (n))×>))⇒ (C × A) ∪ T ⊂ (∪n(N
τ (n))×>))
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No(C), (T ⊂ (∪n(N
τ (n))×>)),S(x), x ⊂ (C × A)
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` C ⊂ N τ (C)
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` T : τS
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p : C˜ 	 S

A P2


















Γ, y : S ` =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1 A 	 S
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Γ˜ ` S( ˜1 ;A x → f)
" ?ﬀ
Γ ` 1 ;A x → f : Πτx : A.B(C[x])
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Γ, y : S ` =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S(x) ` C˜[x] = C˜ ′
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(C, x) = (C ′,ΛXX)
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(x ⊂ A) ∨ (x ⊂ B)
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1. ` ∀P∀x(S(x) ⇒ (P (x)⇐⇒ x ⊂ {r : >;P (r)}))
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P (x))) ⊂ K)
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x ⊂ K

















x ⊂ {r : >;P (r)}
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(y  (Sτ (y) ∧ Py) ⊂ y)
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x ⊂ y
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Πox : A.P (x)
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Πox : A.(x ⊂ {r : >;P (r)})
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A ∆F = ΛX.F [X[X]]
A Ψ = ΛF.∆F [∆F ]
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Γ ` µX.F (X) : τ a
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∀A(Πox : A.P (x)⇒ A ⊂ µX.F (X)⇒ Πox : F (A).P (x))
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Πox : µX.F (X).P (x)
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µX.F (X) ⊂ µX.F (X) ∩ {x :
>;P (x)}
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Ψ ⊂ ∀A(Πτx : A.B(x)⇒τ (A ⊂ µX.F (X))  Πτx : F (A).B(x))⇒τ Πτx : µX.F (X).B(x)







H = ∀A(Πτx : A.B(x)⇒τ (A ⊂ µX.F (X)) 
Πτx : F (A).B(x))
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∆H [∆H ] ⊂ Π
τx : µX.F (X).B(x)














∀A((Πox : A.∆H [∆H ] ⊂ x⇒




(Πox : A.∆H [∆H ] ⊂ x ⇒τ B(x)), A ⊂ µX.F (X)
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Πox : F (A).H[∆H [∆H ]] ⊂ x ⇒τ B(x)
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Ψ[ ˜1 ;A x → t] ⊂ Πτx : µX.F (X)
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S(Ψ[ ˜1 ;A x → t])
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S( ˜\)9 @f= 1 ;A x → t ^ )
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Ψ[ ˜1 ;A x → t] ⊂ ˜\ 9^@f= 1 ;A x → t ^
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\ 9^@f= 1 ;A x → t ^ ] ⊂ Πτx : µX.F (X)
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F = ∀x(x ∈ A  ((Πτy : A.((Ryx)  B(y)))⇒ x⇒ B(x)))
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τx : A.B(x)
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∆F [∆F ] ⊂ x⇒ B(x)
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Πox : A(Πoy : A.(Ryx⇒ (∆F [∆F ] ⊂ (y ⇒ B(y))))⇒ (∆F [∆F ] ⊂ (x⇒ B(x))))
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∆F ⇒ F [∆F [∆F ]] ⊂ ∆F ⇒ x⇒ B(x)
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∀x(x ∈ A  ((Πτy : A.((Ryx)  B(y)))⇒ x⇒ B(x))) ⊂ ∆F [∆F ]⇒ x⇒ B(x)
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∆F [∆F ] ⊂ ∀x(x ∈ A  (Π
τy : A.((Ryx)  B(y)))
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νX.F (X) = ∪X.(X  ∀A(X ⊂ A⇒ X ⊂ F (A)))
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νX.F (X) ⊂ F (νX.F (X))
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(1) ∀F∀X(νX.F (X) ⊂ X ⇔ ∀Y (∀A(Y ⊂ A⇒ Y ⊂ F (A))⇒ Y ⊂ X))
(2) ∀F∀X(νX.F (X) ⊂ X ⇒ νX.F (X) ⊂ F (X))
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∀X(X  P (X) ⊂ K)
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∀Y (P (Y ) ⇒ Y ⊂ X)
#A@"ﬁ
∀Y (Y  P (Y ) ⊂ X)  X ⊂ X
" ﬁ #A@"3  "60$)@"Bﬂﬁ. ,ﬁ
∀Y (Y  P (Y ) ⊂ X)
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(1) ` ∀F (νX.F (X) ⊂ F (νX.F (X)))
(2) ` ∀F (Cresc(F )⇒ νX.F (X) = F (νX.F (X)))
(3) ` ∀F (Cresc(F )⇒ ∀I(F (I) = I ⇒ I ⊂ νX.F (X)))
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F (νX.F (X)) ⊂ νX.F (X)
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F (I) = I
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∀A(I ⊂ A⇒ I ⊂ F (A))
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(1) ` ∀F,A(Ψ ⊂ ∀X((A⇒ X)⇒ (A⇒ F (X)))⇒ A⇒ νX.F (X))
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H = ∀X((A ⇒ X) ⇒ (A ⇒ F (X)))
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∀X(∆H [∆H ][A] ⊂ X ⇒ ∆H [∆H ][A] ⊂ F (X)
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∆H [∆H ][A] ⊂ F (X)
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H = ∀X(X → F (X))
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νF ⊂ {x : >;P (x)}
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Πox : F (νF ).(T ⊂ x ⇒ B(x))
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Πox : νF.(T ⊂ x ⇒ B(x))
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t˜ ⊂ ∀X((A⇒ X)⇒ (A⇒ F (X)))
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A ⊂ F (A)
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∀Y (A ⊂ Y ⇒ A ⊂ F (Y ))

	
ﬁ03 ﬁﬃ>&3	.6 ,3 ?&(15ﬀ!0ﬀ%$)3ﬂﬃ%ﬃ?4"ﬁ* "ﬁ
F








&C&ﬀ%5 "@"3 &C(15ﬀ!@"4 ﬁ4E&3ﬂﬁﬀ! "ﬁ
	
2A@"ﬀ
2" #A@ $)4 4"$5&%ﬁﬀ
l





"  ,ﬁﬃ ("ﬀ%$ (
ﬁ0&%3-$)4,ﬃ ﬁ:&  "ﬁ B  (
$)@,&
 "ﬁ#21ﬃ.("ﬃCﬁﬃ>&C&ﬀ%;0ﬃC "3-ﬀ
ﬁ0&%ﬁﬃ" ﬁﬀ)ﬁ0 0ﬁ #/@,3 6:&6-+ 53ﬂ&  154"ﬃCB-ﬁ2"5("3ﬂ&%ﬀ%ﬁ
.
@
˜{l1 : A1; . . . ; ln : An} = {l1 : A˜1; . . . ; ln : A˜n}
˜< l1 = t1; . . . ; ln = tn > = < l1 = t˜1; . . . ; ln = t˜n >
p˜.l = p˜.l
























˜{l1 : A1; . . . ; ln : An}S = ∪X1 ∈ A1 . . .Xn ∈ An < l1 = X1; . . . ; ln = Xn >
˜p IKJ l1, . . . , ln = ˜< l1 = p.l1; . . . ; ln = p.ln >
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x ⊂ {l1 : A1; . . . ; ln : An}S
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y1 : τ, y1 ∈ A1, . . . , yn : τ, yn ∈ An, x ⊂< l1 = y1; . . . ; ln = yn >
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x ⊂ {l1 : A1; . . . ; ln : An}
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i = 1, . . . , n
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ﬁ:&  "$)4, ˜p I>J l1, . . . , ln ⊂ ˜{l1 : A1; . . . ; ln : An}
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sT = ∪sx1 . . . xn.(T˜ (x1) . . . (xn))
p˜ :s T.i = p˜.T˜ .i
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x : 74@BG 1 t.A(t) ` A(x) ⊂ B(x)
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A ⊂ N , B ⊂ N ,S(x), x ⊂ A× B
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N×N ⊂ (N ⇒ (N ⇒ N))⇒ N
⊂ (N ⇒ (N ⇒ No))⇒ N
⊂ (N ⇒ No)⇒ N
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{l1 : A1; . . . ; ln : An} ⊂ N








S(x), x ⊂ {l1 : A1; . . . ; ln : An}
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 A 8 S(x) = λ
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P 8 S = λ
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1 τ t 576 n 3 A 8 S(t) = λ
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1 τ→τ f 5-6 n 3 F 8 S(f) = λ
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1 o p 576 n 3 P 8 S(p) = λ
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1 τ→o g 5-6 n 3 G 8 S(g) = λ
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s = s1, . . . , s4
> @
˜(m :si S).n = Ti(m)(n)
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A T +τ (C,A) = λY (Y = C  A) ∩ (Y 6= C  T (Y ))
A T +τ→τ (C, F ) = λY λX(Y = C  F (X)) ∩ (Y 6= C  T (Y )(X))
A T +o (C, P ) = λY (Y = C ⇒ P ) ∧ (Y 6= C ⇒ T (Y ))
A T +τ→o (C, F ) = λY λX(Y = C ⇒ F (X)) ∧ (Y 6= C ⇒ T (Y )(X))
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∅τ = λY.∅ ∅τ→τ = λY.λX.∅ ∅o = λY.False ∅τ→o = λY.λX.False
























































































































































S(a) ` <C = a; r>.D = <r>.D
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; t = D  x → u
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T = Πτx : A.B
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` t′ : A∗
Z	















FN(t) = FN(t′) ¢
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Γ, x : A ` t : B
Γ ` λx.t : A→ B
Γ, P ` Q





Γ ` u : A⇒τ B Γ ` v : A
Γ ` u(v) : B






Γ, x : s ` t : A
Γ ` t : ∀τsx.A






Γ ` t : ∀τsx.A Γ ` v : s
Γ ` t : A[x := v]
Γ ` ∀osx.P Γ ` v : s





Γ, P ` t : A
Γ ` t : P  A
Γ ` t : P  A Γ ` P
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2 ⇒: τ → τ → τ
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T = V | C | (T )T | kΠ
Π =  | T.Π




































(u)v ? pi  u ? v.pi
A
>O6(>M@
λx.t ? u.pi  t[x := u] ? pi
A
8-BL6(?PAY@





















































Γ, x : A ` t : B
⇒i







Γ ` u : A⇒ B Γ ` v : A
⇒e















Γ ` t : F (Xs)
∀i
































Γ ` t : ((A⇒ ⊥)⇒ ⊥)
Class
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>GE)DIH t ?$J x KML u CBDON)POQ)J:P v   (t λxu v)
>GE
K
QBROP a   λxλy(xa)








Γ, P ` ?BAVCBDFE : A+ P Γ, a : A ` E K QBROP a : A + P
Γ ` a : A+ P Γ, x : A ` u : B Γ, P ` v : B
Γ ` E)DIH t ?$J x KML u CBD$NIPOQ)J:P v : B
Γ ` a : A + P Γ ` f : (A⇒ B) +Q
Γ ` S f a U : B + (P ∨Q)
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{ V : V al ; M : Meth }
-979ﬂ'=?>ﬃ-9+A@
{V1 : T1; . . . ;Vn : Tn} B
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Γ ` t : A ` A ⊂ NORM
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` τ : ∗ ` o : ∗
` s1 : ∗ ` s2 : ∗




WF (Γ) ` s : ∗ x /∈ V (Γ)
WF (Γ, x : s)
WF (Γ) Γ ` P : o
WF (Γ, P )
WF (Γ) Γ ` A : τ x /∈ V (Γ) x ∈ V





WF (Γ) x : s ∈ Γ
Γ ` x : s
WF (Γ) c : s ∈ Const
Γ ` c : s
Γ ` u : s1 → s2 Γ ` v : s1 ` s1 → s2 : ∗
Γ ` u(v) : s2
Γ, x : s1 ` t : s2 ` s1 → s2 : ∗






Γ ` t : A A β A
′
βτred
Γ ` t : A′
Γ ` t : A Γ ` A′ : τ A′ β A
βτexp
Γ ` t : A′
Γ ` P P β P
′
βored
Γ ` P ′
Γ ` P Γ ` P ′ : o P ′ β P
βoexp



























WF (Γ) P ∈ Γ
Axo
Γ ` P
Γ, P ` Q
⇒oI
Γ ` P ⇒o Q
Γ ` P ⇒o Q Γ ` P
⇒oE
Γ ` Q
Γ, x : s ` Q
∀oI
Γ ` ∀osx Q







WF (Γ) x : A ∈ Γ
Axτ
Γ ` x : A
Γ, x : A ` t : B
⇒τI
Γ `  x 	
 t : A⇒τ B
Γ ` u : A⇒τ B Γ ` v : A
⇒τE
Γ `  u v  : B
Γ, X : s ` t : A
∀sI
Γ ` t : ∀τsX.A
Γ ` t : ∀τsA Γ ` v : s
∀sE
Γ ` t : A(v)
687:9<;
143 G K PR/2143N5
Γ ` A ⊂ B Γ ` t : A
⊂
Γ ` t : B
Γ, P ` t : A
I
Γ ` t : P  A
Γ ` t : P  A Γ ` P
E
Γ ` t : A
Γ, x : A ` A ⊂ B
Renf
Γ ` A ⊂ B
Γ, x : A ` t : B Γ ` A′ ⊂ A
Coup
Γ, x : A′ ` t : B
Γ ` t : (P  ⊥τ )⇒ ⊥τ
RC
Γ ` P
Γ, y : s, x : F (y) ` t : A Γ ` A : τ
UG
Γ, x : ∪syF (y) ` t : A

P,KL+.GX1435
WF (Γ) P ∈ A
Axiome










"! ∀A(A ⊂ A)
$#&%
'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sP (x1) . . . (xn)⇒ P (∆
s














(AS) ∀A,B((A =⊂ B)⇒ (A =L B))
:9
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| e L var → prog
|  prog prog 













|  record  
| prog ! label


















| + recordatom + record
recordatom := label  prog
labellist := 
| labellist ﬀ label
motifs := motif
| motifs motif
motif := constr → prog
| , → prog
| constr [var]→ prog












| letatom 3 letdecl



































|  prog ﬀ prog ﬁ
| record
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m ← u
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m← u = v




m← u = v(a)






m← u = v
ﬀ21















  u)u1 . . . un  (u(
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 u))u1 . . . un
M
 	U#-ﬀ=$%K#ﬃTS;#-2^ﬃﬀﬀ-$ﬂ  <
5M*
 a ﬀ b ﬁ u1 . . . un  au1 . . . un
N
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% u)u1 . . . un  ( .
1
% u′)u1 . . . un
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m1| . . . |mn)u1 . . . un  (mi ← u)u1 . . . un














pattern)u1 . . . un
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l1, . . . , ln 6= l
< l1 = u1; . . . ; ln = un; l = u;R > .lu1 . . . un  uu1 . . . un
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 	U#-/^ﬃﬀ-$ﬂ O<;+GF@89=S;Q8/^ﬃBCﬁ +
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( # l  u $ " r ﬁ .lu1 . . . un  uu1 . . . un
m
 	U#-/^ﬃﬀ-$ﬂ O<;+GF@89=S;Q8/^ﬃBCﬁ +
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( # l′  u $ " r ﬁ .lu1 . . . un  r.lu1 . . . un
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C[u]  C[u′]
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∗ b, pi  a[x := b] ∗ pi
Poprec
1
 f ∗ pi   f
1
 f ﬁ ∗ pi
Pushfst
5M*





u ∗ pi  u ∗ &
.ﬃﬂ
, pi
Popfst  a ﬀ b ﬁ ∗ 
*
 , pi  a ∗ pi
Popsnd  a ﬀ b ﬁ ∗ &
.ﬃﬂ





M ∗ pi  M ′ ∗
5 (!.
x → x, u, pi
PushEq  u ∗ C, pi  u ∗  , C, pi
PopEq C[a] ∗  , C, v, pi  v ∗ C[v], pi
PopNEq D[a] ∗  , C, v, w, pi  w ∗ pi
Popfun2
5 (!.
x → t ∗ C[u], pi  t[x := u] ∗ pi
Pushproj u.l ∗ pi  u ∗ ., l, pi
Popproj1 <l1 = u1; l = u; . . . > ∗ ., l, pi  u ∗ pi
Popproj2 # l  u $ " . ∗ ., l, pi  u ∗ pi
Popproj3 # l
′
 u $ " . ∗ ., l, pi  p ∗ ., l, pi
Pushconstr C # u $ ∗ pi  u ∗ C[].pi
Popconstr v ∗ C[].pi  C[v] ∗ pi
M ′
ﬁﬀ8!"<Cﬁﬀ>@;$S;8#<













x → t c ﬁ f ﬁ




c →   






c →  m  M f c ﬁ c ﬁ
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′ b d b
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1 . . . an d a
′
n





′ p d p
′







"B;WS;#-ﬁﬀ-!- ;[$ﬂ$CDZBCﬂDEB;ﬀWZ#-8$%-U<;W-#ﬃ$%8$ ﬁﬀ;ﬁ#ﬃﬁWS@89#WFC +S;8#ﬃ-$ﬂ#Y<;;Y>@GF;$ﬂﬀ#-ﬀe
89>@7DEB;%aﬂﬀﬀﬀB;#Y6 $ﬂX8QLM #-aDEB;S;#ﬃ;;ﬀ!]%Yﬁﬀ; ;ﬀﬁWS;#-BC6 ﬁﬀWLM#-ﬂ%! 9Y>@GFC$ﬂ#ﬃ





e;- $?Q8Bk8 ﬀE6Z$%#-   ﬀﬂ
ﬀ




 !%$ &"  # ﬃ.- !$# !+- ! -R ! # 
&




















































































































































































































































































































4	1:5= 2,65 7 	32;0ﬁ,47FG

	32 58750
>;GF;$ﬂﬀ# ? A>C! A>DG\IﬁKF  !$%!dﬂ+L 8$?+#-ﬀX89-$%LMﬂ8kS;#-ﬀBC6 `<C=ﬂ8I#ﬃﬁ<;B;J$%  <;B GF@8S;$?#ﬃ
N







































































































































<CB GF;8S;$%-#-OnZe 8A6 ﬀODZBCﬂDEB;ﬀN)S;% "-#iDEB@!   ' <Cﬁﬀ>@;$?N$ﬂﬀ$_ﬀ L 8$%
<;ﬁ(^-8I%ﬃGF;ﬁ=8<C=ﬀ =SC#-ﬁFC;ﬃ$ﬂ  eRJdDEB@!   = !-#-78IS;#- SC#-$ﬂﬁJﬁ7 #! 8:;ﬃ;ﬀ=<;#! 8B)$ﬂ=
































































































- ! # 
 ! !+-:- ")!
?
  ;-8#ﬃO<;B >@GF;$ﬂﬀ#-  X8 &'ZE8B)J8B S;#-ﬀBC6 ﬀ=ﬀ ;ﬀ#-@89E%
λ 
ﬀ#-N<@89;Nﬂﬀ



























































































































































































	    C>?



















































































































































































































































































































L`Lﬀ@^hu`k^JQSYfUT o`opo`o1-Ua *bq\sP9`[ o`o
 o`oHLﬀ5^hu`k^JQSYfvywq\sP-Ua`a
UT SlS_`_([\6 |`}JztL`LwUTHpo`o o`o













2121  4J5:6=5,S20 	32 
ﬂ
,94	10











































21   	10 0 5H. . 	10
>@GF;$ﬂﬀ#P? A7CA  C7?

 CA ﬀI ?

-G\IEKF`E-$ﬂﬀEWﬂ8b<;ﬁﬀ>;;$%-$ﬂ 7<@! 8:;ﬃ;ﬀ"<@! B; Cﬃ#ﬃB;ﬀ-B;#W<@89;
B;+('ZSV_8$ﬂC-$!DEB;[X8<;ﬁﬀ>;;$%-$ﬂ +$ﬂC<;B;ﬀ-$%6[< ! B;('ZSVW-=e/8$%;-$DZBC_%R#-K/$ ﬂﬀ < ! $%E-#-Z<;B;J$ﬂ
8	Vﬁ#ﬃ!ﬀ
	
DZBC$- !Qﬁﬀ6Z$ﬂ<C!ﬀ&(;6 $ﬂ#<@89;ﬂ>@GFC$ﬂ#ﬃ  (
LNMPSk^JQJVkjJQfOz~u`V]jS[\Vk^\Y`_Sukj\Y9QJu9_]O9lJVk^Hu`VfY`dSe(Q6Mba

































































L 	XTZR`R %@q\s 	XTZR`R %
c











 >@GF;$%# ? A>CA   C>?

 C " ﬁA   G\IEK>F  !-$ﬂ!h% SC#-B)6  <;ﬀh#-K,$ﬂ <@! $%!#-Z<;B;J$%  <; ﬂ8
-=
	
BC-$ﬂ%$ﬂ-ﬁﬀa<;8;X8NS;#ﬃBC6d<;+ﬀ #-#ﬃﬀ-$ﬂ  (


























 C 	#"G\IﬁKFNﬀ !$ﬂﬀ!Yﬂﬀ S;#ﬃBC6U<;ﬀ #ﬃK,$ % < ! $%E-#-Z<;B;J$ﬂd<;_X8Q- =
	
SC#- S\ -$?$% ;  
N






































































































































rL`l(^JQ(^%  JR  JYS(QS_@q`q\s Ua@Lw-Ua`a











































































































764 	 G,90 24	. 	 7H20
>;GF;$ﬂﬀ#<? A>CﬀA  C ($  %G\IEKF E-$ﬂﬀE"ﬂﬀ"SC#-B)6 f<;"#-K,$ﬂQ<@! $ﬂ!#ﬃ)<CB;ﬀ-$ﬂ I<;X87- =
	
SC#- S\ -$?$% ;  
N






















m  6}   	



























































































_9Q(jS[J_`O Ł^S[\uk^JY`dSe(QzŁ56|`}J6|`} 5|`}S<L-P_o   	f^hu`k^JQSY-P_o	ka




































































































































































21   	10 ,675:6=  2,X0
T>@GF;$ﬂﬀ#@?BA>CA  >C "   

































































































21    	10  5

,676:5=  2, X0
T>@GF;$ﬂﬀ#@?BA>CA  >C($#"   









































jS[bTWV9OSukj ŁY9lJu] |`}\5|`} 6|`}JtLS_9Q(^`jPiq\sL 5^hu`k^JQSY6UT o`o
tLV`uf--Ua<o`o1-Ua-q\s
L 5^hu`k^JQSYfUT/po`o1V`uf- o`o1Ua`a








& F('  	@; 75,S2,6587 : 	10 0 2ﬁ47= 2=64	10	32 0ﬁ,6G 7
ﬂ














 >? G\IﬁKFiﬀ !$%!Rﬂﬀ<;ﬁﬀ>@C$%$% ; <Cﬃ-#-B;JB;#ﬃ ﬀRﬃ$ $ @82B;#ﬃe

























































































ŁQ9bTwg |`}6|`}J6|`}J6|`} 5|`}Sf|`}9^iL`LW^iL fka -]q\sUa-q\sL S9










5Yfl(^%po o1  ^%YUa @q\s Ua
LNMPSu(Q9JSu(Q(^Y9Q(^\Yb^-Mba

















































0	 7 	10 : 	
 58750 2ﬁ47= 2	1=64>0
T>@GF;$ﬂﬀ#ﬂ  7CA ﬀI7C>? A 






























































G 	 : 	10;. 5:5=

	10
f>@GF;$%#%AﬀI EC7? A 





















































f>@GF;$%# " ﬁA   C   

	 >? G\IﬁKFOE-$ﬂﬀEaﬂ]#-K,$ﬂ]<;f('ZS@8A$ TSC#- S;#ﬃ!<;$?9e)JB;;bLM #ﬃ=
$ ﬁﬀ;ﬁ#-8ﬂTS\ B;#X8i#ﬃK,$ %T<;+- BC

('ZS@8 $  (
LNMP_9Q(SQ(^Oz~NTWV9Y`_([JOSukj\YUT\[\ViMba











 g@Ua]Lﬀ9l9Pfl(^Pro o	 ^%Ua`a
Y`dSe9^\Y`_Sukj\Y ŁR9l(j\Y ŁTWV9Y`_([] |`}J5|`}Wgi|`}9^iLw@q\s`dSe9^\Y`_Sukj\Yg^fq\s`dSe9^\Y`_Sukj\Yg L99 -  ^(a`a
















































































































































 "  !: ﬃ0  !  ﬃ &ﬃ &!







N>@GF;$ﬂﬀ# $ #8=8$ﬂ#ﬃ  S;F  !$%!X8D$ #-8==8$%#-g<CB ﬂ8J$!8A$ePJﬂi>@GF;$%#T('ZSVﬀ S;FVe <C !
6 $ﬂ$DEB;ﬀﬂDEB;ﬀ" )-#8$?ﬀe;<;Q#-K/$ ﬂﬀ<;T('ZS@8A$  (
LNM _9Q(SQ(^O9QP(l(^JQfMba
UT JY ŁTWV9Y`_([f |`}JR6|`}Slf|`}\LN|`}J    l R-  
6@q\s%RSu`Vf-`(sPRf  UT JY- o`olro`o1fUa
UT JY ŁQ9bTwgf|`}J6|`}J5|`}JYzuLwY  ]q\s%u  UT JYf o`o
 o`o1@q\sPufnY  uXa
UT `[ŁTWV9Y`_([f6|`}Slf|`}\eLN|`}J   l e-@q\sPUT `[Pvo`olro`o
e-Ua
















u`6 |`}Jzzz~`z~ Lwz~ *o1]q\s-|`}J  z~;z~ *o1]q\sPUT JY-vo`o1po`o1*o1UT JYfpo`o1z~fo`o1z~Na
LNM%e9_([JOSuXTZY]Mba
e9_([JO ŁTWV9Y`_([f6|`}Jz6|`}\e Le   ]q\sP  @q\sPep  -Ua<oYS(Q9[J_9QZg
LNMfjJl(^JQ(^Mba



















































LwR  UT JY-po`o o`o1@q\sP*o%L`fUaq\sPY-R   UT JYfpo`o
fpo`oUa-q\s


































































  UT JYV o`o1V(lSY o`o1UT JY%g o`o1V(lSY o`o
V(lSY o1YS(Q9[J_9QZg
eb\uk^ ŁjS[Wg`gUT `[PV o`o












































SQS ŁY`dSe(Q-5SQS  UT JYVvo`o1V(lSY o`o1UT JYHg o`o3V(lSYo`o
([`[`

























@q`q\s 1r  vy
 d@q`q\s]TZRtLNSQ(^`^nPUaHn-Rb^\Y-dYS(QJV















UT JY5SQ(^`^ro`o1UT JY-po`o o`o1UT JY-d o`o
vo`o1([`[`ro`o
UT JY]o`o bTJ^\Y9Q-po`oUT JYfpo`o1 o`obTJ^\Y9Qf
















UT JY5SQ(^`^ro`o1UT JY-po`o o`o1UT JY-d o`o
vo`o1([`[`ro`o






                   
m
ﬂ
< C1 = a1; . . . ;Cn = an >




                 N n
=⊂
                 N n
A ∪ B
               N	N
A[B]
                  N	N
Ac
                   NAN
Alg(F )




                   

F−
                   

KE








                 !n
SC
















             2 
L
Λ




                   n  
⊥o




                 
NAN
∩
                 
NAN
∪xA(x)
             
N	N
∪α1∈A1,...,αn∈AnT (α1, . . . , αn)
     ﬂ n
η 
#-ﬁﬃ ﬂBC:;ﬂ                 
M
∃x : A.P (x)
            ﬂ!n
∃




Cﬁ,$!89-$%LM                 

∀ 
S\ ﬃ$%$?LM                 

∀x : A.P (x)
            ﬂ!n
∈
                  ﬂ n
∧








                 # ﬂ
SR(X)




                   ﬀﬂ
S⊂
                  * ﬀﬂ
TR(X)




                 Zn  
¬
                  N
M
τ
                  N 
o
                  N 
s




























                
m LZm
×
                  ﬂ!n

                   
N	N













                 9n	
{C1 : A1; . . . ;Cn : An}








8:Cﬃ#-8ﬀ-$ﬂ O<;T('ZS\           ) 
L
8<CﬁDEB@89                   
8<;8SCﬁ                    









 !-Z              
M
 
ﬀ !Z-dS;#ﬃﬁﬀ$ﬂ-ﬁ             * !n





   L	L M
 
<;ﬁﬀ$ﬂ<CB;#               Cn  





 S\ﬁ#-89ﬀB;##-$ﬂ--8!          n ﬂ

U#-ﬀ=$%#                
m
ﬂ
S;#ﬃ)<;BC$%               Eﬂ n

82$ﬂ&L 8$%                N  
OC89-B;#-ﬁﬀ 	 S@8#&$%              
L
n
O)$%J$ ﬂJ                
L
n
-$%J$ %ﬀ               Jn  











                
m
ﬂ
 #-                
M
 
ﬀ#-('ZSVﬁﬀ            
M
ﬂ
 #-$%ﬂ%$ﬂ]ﬀ S;ﬂJ           
m
 
('ZSV+<;+<;;;ﬁﬀ"&#ﬃ$ﬂﬀ              
('ZSV+$%;<;B;J$%L            An  





















































































































































































































































































































































































































































































































































































































































































































































































































































































X@kRS#ﬃ$ﬂRS ácﬁËﬀﬃh;b4Öp«Øﬀﬀ;bﬀ  >dÇEÁ>BA<u6E­5+,J9<% ~q>m,@7:>@A:C}CI%42 A:9¨2 P% oA:Pu6r<Ð<%42





































































































































































































































gRO;$Pl4ﬁ§Ëﬀ__« }"¨²É=&%42dÈÄ,J>FCI,:r<P%42  £kR»YW@SFORS(ORlh¤6Xml #
K
XÄZ  OC$ﬂ
N
g;#BQkTQ;$VU:S#BW-$VX(':Z

ﬂﬀﬂ 
:F]
K

K
Ù?×« 
